Introduction
Longevity and ageing are a complex and multifactorial process controlled by both environmental and genetic factors (1) . Studies reported hundreds of genetic variants that played a role in extension of lifespan. Population studies of longevity in twins suggested that the genes contributed to 15% to 30% of the heritability to the human lifespan (2, 3) . However, the mechanisms underlying the role of genetic factors in human longevity and successful ageing are unknown. Over the last decade, sirtuins attracted significant interests in ageing studies. The role of sirtuins has been studied in NAD-dependent lysine deacetylation and a related mono-ADP-ribosylation reaction (4) . The histone deacetylase silent information regulator (Sir2) is a longevity control gene (5, 6) . Sir2 activity depends on the levels of nicotinamide adenine dinucleotide (NAD) (7) . Further, Sir2 increases longevity by suppressing ribosomal DNA homologous recombination and calorie restriction (6) . Mammalian genomes encode seven Sir2 homologs (SIRT1-7). The human SIRT6 gene is located on the minus strand of chromosome 19p13.3 and encodes a 355-amino-acid protein (8) . It regulates the expression of several stress-responsive and metabolism related genes at the molecular level (9, 10) . In addition, it plays an important biological role in heart disease, diabetes, obesity, inflammation and cancer. Therefore, SIRT6 activity is crucial in many chronic diseases and healthy longevity (11) . SIRT6 knockout mice manifested kyphosis, cachexia, greying of fur, decreased bone mineral density, reduced weight and subcutaneous fat, hypoglycemia, and chronic inflammation. Their lifespan was reduced to about one month (12) . SIRT6 plays an important role in maintaining normal retinal function and its deficiency causes major chromatin changes in the retina of mice (13) . SIRT6 is a critical regulator of endothelial senescence. Oxidative stress-induced down regulation of SIRT6 probably mediates the pathogenesis of diabetic retinopathy (14) . However, SIRT6 overexpression extended the lifespan of male mice by 15%, related to decrease in serum insulin-like growth factor (IGF-1s) and increase in IGF-binding protein 1 (15) . Transgenic mice overexpressing SIRT6 are protected from metabolic disorders associated with triglyceride and accumulation of serum cholesterol and decreased glucose tolerance (16) . Therefore, SIRT6 not only extends lifespan but also improves health quality, which is a major anti-ageing breakthrough (17) . Ageing is a normal process in any living mammal. SIRT6 is related to longevity and ageing in animal studies, with no reported connection between human SIRT6 and longevity. The populations of Bama County located in the Hongshuihe River Basin, Guangxi Province, have prolonged lifespan (18, 19) . Populations in Hongshuihe River Basin represent the typical groups for studying longevity in Guangxi, China (20, 21) . Although studies investigated the relationships between longevity, environmental and genetic factors, the specific mechanisms are still not clear. In this study, we studied the rs350846 polymorphism of SIRT6 in the longevity group and the controls in an effort to unravel the genetic basis of longevity.
Methods

Study population
Longevity was defined as survival to age 90 yr or more. Based on the sixth national population census of China in 2010, we selected the Bama County as the sample site, in which there was a higher proportion of the longevous people than other counties. There total of 169 unrelated longliving individuals who satisfied the conditions (43 males and 126 females aged 90-110 yr, the mean ages 94.90 ± 4.73) were randomly selected as longevity group, and 158 unrelated participants (59 males and 99 females aged 26-82 yr, the mean ages 70.59 ± 11.09) from Bama also were enrolled as the internal control group (environmentally matched). The external control group consisted of 176 subjects (56 males and 120 females aged 20-82 yr, the mean ages 49.20 ± 14.50) from Nandan County, which is approximately 160 km away from Bama County (environmentally unmatched). No long-lived individuals existed in both internal and external control groups. Long-lived individuals aware selected based on at least two sibling meetings according to the following inclusion criteria: 1) age 90 or above; 2) subjects with one or more living brother or sister who satisfied the first criterion. Age of the participants was authenticated officially through a certificate of identification or household register and the accounts of their offspring and other socio-demographic events. All of the participants were essentially healthy with no obvious disease or chronic illness. The study was approved by the ethics committee of Guangxi Medical University. Written informed consents were obtained from all participants. The study complied with the tenets of the Declaration of Helsinki. Anthropometric variables including height and weight were measured in all participants. Body mass index (BMI) was equal to weight (kg)/height (m) 2 . Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were determined using a standard mercury sphygmomanometer. The levels of fasting blood glucose (FBG), serum total triglyceride (TG), serum total cholesterol (TC), HDL-cholesterol (HDL-c) and LDLcholesterol (LDL-c) in serum samples were determined by standard enzymatic methods using commercially available kits. The demographic characteristics show in Table 1 . To estimate the strength of longevity association, the P-value and the odds ratios with 95% confidence interval were estimated using multinomial logistic regression models. Statistical significance was set at P<0.05.
Results
Population profile
As shown in Table 1 , the BMI and TG levels were decreased in the long-living group than in the two control groups, while serum concentrations of LDL-c and HDL-c and the levels of SBP and DBP in long-lived individuals were higher than in the two control groups (P<0.01). The waist circumference was different (P=0.000) among the three groups and the maximum waist circumference was observed in the external group. No statistically significant differences in gender, FBG and TC levels were noticed in longlived individuals.
Hardy Weinberg equilibrium test of different groups
Chi-square test revealed that all genotypes were within the limits of the Hardy-Weinberg law using HWE software (P>0.05) ( Table 2 ).
Genotypic frequency
GG was the dominant genotype in longevity and internal control groups with a frequency of 0.53 and 0.54, respectively. However, CG was the dominant genotype in the external control group with a frequency of 0.5. Statistically significant differences were observed among the different genotypes except for the longevity and internal control groups (Table 3) .
Minor allele frequency, MAF
The frequency of the minor allele-C was 0.319. The minor allele frequency of rs350846 in SIRT6 was significantly higher in the external control group than in other groups (Table 4) . Multi-factor analysis of exposure and longevity (Table 5 ). Note: Reference was defined as sex= 1, and 2 for male and female; rs350846= 1, 2 and 3 denote GG, CG and CC genotypes, respectively
Discussion
Our data suggest that the basic characteristics of the populations including age, BMI, TG, SBP, DBP, HDL-C, and LDL-C were significantly different between the longevity and the two control groups, which is consistent with other geriatric studies (23, 24) . The BMI and TG levels were lower in the long-living population. Lower BMI and TG levels may promote longevity. Longevity was associated with higher levels of SBP, DBP, HDL-c and LDL-c than in the two control groups. All these signs were related to nutrition and lifestyle factors. Although, other investigations (24) showed several changes in diet and lifestyle in Hongshuihe River Basin including increased intake of fats, proteins, and carbohydrates and additional alcoholic beverages than before. Longevity is mainly associated with easily digestible plant-based foods such as whole grains or corn with less fat and animal protein, and intake of multiple small meals. Caloric restriction can prolong life (25, 26) . In the present study, the genotypes in Table 3 were significantly different among the external control and the other two groups. The GG was the predominant genotype in both the longevity group and the internal control group compared with the CG type in the external control group. The C allele may promote longevity according to the MAF results. We found no significant gender differences in the final model, in contrast to other longevity studies (27) . BMI, SBP and serum TG levels represented the risk or protective factors for longevity. No SIRT6 rs350846 genotypes were associated with longevity, although previous studies reported that SIRT6 was associated with aging (17) . The main studies focused on the somatic cells and mice demonstrating that SIRT6 prolonged the life of male mice (15) . Cell senescence may be associated with NF-kB signaling pathways (28) . No studies are available correlating SIRT6 and human longevity. Our findings suggest that the SIRT6 rs350846 gene polymorphism was not associated with longevity, due to relative stability in the population and limited sample size. Therefore, the association of SIRT6 rs350846 polymorphism with longevity needs to be confirmed with larger sample sizes and other polymorphisms.
Conclusion
The C allele of rs350846 in SIRT6 gene, CC and CG genotypes are associated with longevity, with BMI, systolic pressure and HDL-c may be important factors representing key factors in the longlived populations of Bama County.
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